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Sr3ZnIrO6 is an effective spin one-half Mott insulating iridate belonging to a family of magnets which in-
cludes a number of quasi-one dimensional systems as well as materials exhibiting three dimensional order. Here
we present the results of an extensive investigation into the magnetism including heat capacity, a.c. suscepti-
bility, muon spin rotation (µSR), neutron diffraction and inelastic neutron scattering on the same sample. It
is established that the material exhibits a transition at about 17 K into a three-dimensional antiferromagnetic
structure with propagation vector k = (0, 1
2
, 1) in the hexagonal setting of R3¯c and non-collinear moments of
0.87µB on Ir4+ ions. Further we have observed a well defined powder averaged spin wave spectrum with zone
boundary energy of ∼ 5 meV at 5 K. We stress that a theoretical analysis shows that the observed non-collinear
magnetic structure arises from anisotropic inter- and intra- chain exchange which has its origin in significant
spin-orbit coupling. The model can satisfactorily explain the observed spin wave excitations.
PACS numbers: 75.30.Cr, 75.30.Ds, 75.30.Gw, 75.4, 75.25.-j, 0.Gb, 75.40.Mg, 75.47.Lx
In materials with Ir4+ (5d5, S = 1/2) ions occurring in
IrO6 octahedral units, spin-orbit entanglement combined with
the crystal field lead to an effective description in terms of
interacting spin one-half moments. Exploring such magnetic
systems has been a topic of intense study over the last few
years motivated by the search for novel electronic phases in-
cluding topological insulators, complex magnetic structures,
quantum spin liquids and other exotica. For example, in vari-
ous 2D and 3D honeycomb lattice magnets, strong spin-orbit
coupling leads to Ising exchange along bonds joining mag-
netic ions which may lead to Kitaev spin liquids being realized
in solid state magnets1–3. The iridate pyrochlores have pro-
vided a rich set of interesting phenomena and inspired new
ideas to realize novel phases4. More recently, the electron
doped layered iridate Sr2IrO4 has been shown to have tan-
talizing similarities to the hole-doped precursors of the high
temperature superconductors5.
In this paper, we consider iridate magnetism in yet another
context: in Sr3ZnIrO6 - one of a family of magnetic materials
with chemical formula A3BB’O6 in which magnetic ions live
on the B or B’ positions or both and where A is either Sr2+ or
Ca2+. Recent interest in this family of materials among con-
densed matter physicists stems from the fact that when both
B and B’ are magnetic the materials often exhibit quasi-1D
Ising magnetism and that the magnetic chains have a trian-
gular coordination giving the potential for geometrical frus-
tration to affect their ground states6–9. The most well-known
case is Ca3Co2O66,7,10–13 which has ferromagnetically cou-
pled chains with weak antiferromagnetic inter-chain correla-
tions. However, many of these materials are phenomenolog-
∗paul.mcclarty@stfc.ac.uk
†devashibhai.adroja@stfc.ac.uk
ically interesting: there is evidence for partially disordered
antiferromagnetism at low temperatures in Ca3Co2O610–13,
Ca3CoRhO614 and Sr3NiIrO68,15 co-existing with peculiar
dynamical properties including memory effects. In sharp
contrast, Ca3NiMnO616 exhibits spiral order at low tempera-
tures while Ca3CoMnO6 exhibits collinear-magnetism-driven
ferroelectricity17. In all these materials, the inter-chain cou-
pling plays a crucial role. In order to appreciate better the na-
ture of these couplings, one may substitute nonmagnetic ions
onto the B site so that the inter and intra chain couplings be-
come comparable which is the case in Sr3ZnIrO618.
Early work on Sr3ZnIrO6 reported the crystal structure de-
termined from X-ray measurements and both the moment size
and the scale of the exchange coupling from the d.c. sus-
ceptibility but no 3D long-range magnetic ordering transition
was observed in the neutron diffraction work18,19. Subsequent
studies based on a.c. and d.c. magnetization as well as heat
capacity (Cp) measurements established the existence of long-
range magnetic ordering in this material20. In this paper, we
present results of an extensive experimental investigation into
the magnetic properties of this material including a.c. sus-
ceptibility, heat capacity, muon spin rotation (µSR), neutron
diffraction and inelastic neutron scattering culminating in the
determination of the magnetic structure in this material and its
excitations. The magnetism of Sr3ZnIrO6 is a priori expected
to be affected significantly by spin-orbit coupling. We present
a theoretical model that explains the non-collinear spin struc-
ture in this material based on exchange parameters which rely
on the presence of significant spin-orbit coupling. Our theory
establishes the most general form of the couplings that can
arise between magnetic B site ions.
Experimental Methods - The compound Sr3ZnIrO6 was
prepared by the solid-state route as detailed in Ref. 20. The
quality of the sample was checked using x-ray and neutron
diffraction measurements and found to be a single phase.
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2FIG. 1: (Color online) Experimental characterisation of the mag-
netism in Sr3ZnIrO6. (a) Heat capacity of Sr3ZnIrO6 and the mag-
netic part obtained by subtracting that of Sr3ZnPtO6 (also shown).
(b) Triplet of µSR frequencies vs. temperature showing onset at TN .
Inset: exponential fit to magnetic heat capacity. (c) a.c. susceptibil-
ity χ′ vs. temperature with inset showing vicinity of TN . (d) Curie
law in paramagnetic regime with magnetization isotherms at various
temperatures plotted in the inset..
The ac-magnetization and heat capacity, Cp, measurements
were carried out using a Quantum Design physical properties
measurement system (PPMS). The neutron diffraction mea-
surements were carried out on the GEM and WISH time-of-
flight diffractometers at the ISIS facility. The powder sample
of Sr3ZnIrO6 contained in a vanadium can of 3-mm diame-
ter was placed inside a standard helium cryostat under He-
exchange gas on WISH. The temperature dependent order pa-
rameter was measured on the GEM diffractometer. The µSR
experiment was performed on the MuSR spectrometer at the
ISIS facility.
Experimental Results - Here we discuss our experimental
results on Sr3ZnIrO6. Fig. 1 shows the temperature depen-
dent heat capacity, a.c. magnetic susceptibility and µSR fre-
quency. As we can see in Fig. 1a in zero field a clear lambda
type anomaly is observed near 17 K in Cp(T ), which is in-
dicative of a transition to long-range magnetic order. The
room temperature value of the heat capacity is 225 J/mole-
K, which is close to 274 J/mole-K, the value expected for the
lattice contribution with 11 atoms per unit cell21. To estimate
the phonon contribution we have also plotted the Sr3ZnPtO6
heat capacity data in Fig. 1a between 2.4 K and 50 K. When
the total measured heat capacity data were plotted as Cp/T
vs. T2 for Sr3ZnIrO6 the data below 12 K exhibited linear be-
havior, Cp = γT + AT 3, which gave γ ≈ 4.5 mJ/mole-K2
and A = 1.438 mJ/mole-K4. A contains both spin-wave and
lattice contributions so it is not possible to determine a reli-
able value of the Debye temperature for Sr3ZnIrO6. A simi-
lar method applied to the nonmagnetic reference compound,
Sr3ZnPtO6 gave a Debye temperature of 396(4) K. In order
to estimate the magnetic contribution of the heat capacity, we
subtracted the lattice contribution using the Sr3ZnPtO6 data.
The magnetic contribution is plotted in Fig. 1a. We have ob-
served an entropy of 2.39 J/mole-K at 20 K compared to 5.17
J/mole-K expected for S=1/2. We have estimated the spin gap
by plotting log(Cmag) vs 1/T which gave a value of 13.8 K
(1.2 meV) (see inset Fig. 1b).
The ac susceptibility was measured between 2 and 300 K
in a magnetic fields of 10 Oe over a range of frequencies. The
real part of the ac susceptibility χ′ shows a peak at 17 K due to
an antiferromagnetic ordering of the Ir moments Fig. 1c which
is independent of frequency between 10 Hz and 104 Hz22. For
temperatures greater than 25 K the inverse susceptibility vs.
temperature plot follows the expected Curie Weiss (CW) be-
havior Fig. 1d, which gives an effective magnetic moment,
1.65(2)µB and a CW temperature, −24.4(3) K. The value of
the observed magnetic moment is close to the 1.73 µB ex-
pected for S = 1/2 in agreement with previous studies19,20.
The temperature dependence of the muon spin relaxation
was measured in a zero field. For all temperatures above
TN = 17 K, the muon spin relaxation spectra can be described
by a simple exponential decay. However, on cooling below
17 K, coherent oscillations are observed in the µSR spectra
(see Fig. S4 in the supplementary section). This shows that
we have a long-range magnetically ordered ground state. The
µSR spectra are well described by three sinusoidal functions
with a Gaussian envelope and an exponential decay. The tem-
perature dependence of the three observed µSR frequencies
are plotted in Fig. 1c. Below 8 K we have three well resolved
frequencies, but above 8 K two lower frequencies merge to-
gether. The overall temperature dependence of the observed
frequencies is consistent with that expected for a second order
phase transition.
Figure 2 shows a neutron diffraction pattern collected at 1.5
K from the WISH diffractometer. At this temperature, there
are four weak additional Bragg peaks (marked with stars)
compared to the pattern collected in the paramagnetic state at
25K (not shown here). The fact that these observed magnetic
peaks disappear above 17 K (see inset Fig. 2), indicates that
the magnetic ordering temperature is 17 K in agreement with
µSR and heat capacity. The intensities of the superstructure
peaks decrease with momentum transfer (Q) confirming their
magnetic origin. The peak positions can all be indexed by the
propagation vector k = (0, 1/2, 1) in the hexagonal setting
of the R3¯c space group. This is a high-symmetry point of the
Brillouin zone, labeled k5 in the Kovalev notation and equiv-
alent to k = (1/2, 1/2, 0) in the rhombohedral setting. The
symmetry analysis shows that there are four one-dimensional
representations in the little group, labelled τi (i = 1, 4) in
Kovalev notation,23 but only two enter in the decomposition
of Γ = 3τ1 + 3τ3. Both IR have three basis vectors, φ1,i
and φ3,i (i = 1, 2, 3). We first tried to fit the magnetic struc-
ture using τ3, but we were unable to fit the intensities and
positions of all observed magnetic reflections. Considering
now τ1, we found that none of the φ1,i modes taken sepa-
rately give a satisfactory agreement with the data. However,
3a solution is found by refining a model with a linear combi-
nation of the three modes. The final refinement yields a good
description of the experimental data (Fig. 2) and a magnetic
Bragg factor RB = 14%, as obtained by a fit with the software
FULLPROF24. The mixing coefficients for the three modes
φ1,i, i = 1, 2, 3 are respectively −0.072, −0.579 and 0.670
and the ordered state Ir moment of 0.87(3) µB . It is to be
noted that the moment has three components−0.072, −0.579
and 0.670 along the a,b and c-axis respectively. The magnetic
structure of Sr3ZnIrO6 is same as that of Sr3ZnRhO625. Thus
the magnetic structure is non-collinear, with a substantial an-
gular deviation of the magnetic moment with respect to the c
axis. Consequently, the threefold symmetry axis is lost, and
the magnetic transition corresponds to a change of magnetic
point group from 3m.1’ in the paramagnetic state to 2/m.1’ in
the magnetically ordered state. The observation of three fre-
quencies in the muon data is also consistent with the loss of
threefold symmetry. A representation of the magnetic struc-
ture is displayed in Fig. 2c.
FIG. 2: (Color online) Experimental characterisation of the mag-
netism in Sr3ZnIrO6. (a) Neutron diffraction pattern at 1.8K of
Sr3ZnIrO6 from the bank-2 at 58.2 degrees of WISH . The symbols
show the experimental data and the line shows the fit using nuclear
and magnetic structures. The blue line at the bottom shows the differ-
ence plot and vertical bars indicate the Bragg peak positions: nuclear
at the top and magnetic at the bottom. The inset shows the data on
an expanded scale where stars show the observed magnetic Bragg
peaks. (b) The temperature dependent intensity of magnetic (0, 1/2,
1) peak measured on GEM. (c) The crystal structure in the hexag-
onal setting with Ir (red), Sr (blue) and the oxygen octahedra. The
magnetic structure in the cell is also shown together with the nearest
neighbor and next nearest neighbor bonds.
Exchange Couplings − The existence of three dimensional
magnetic order without a regime of purely 1D correlations
FIG. 3: (Color online) Color coded inelastic neutron scattering
intensity maps. Energy transfer vs. momentum transfer measured
with an incident energy of Ei = 18 meV on MERLIN for two dif-
ferent temperatures - one above and one below Tc.
above Tc indicates that the scale of the further neighbor
exchange is similar to that of the intra-chain exchange in
Sr3ZnIrO6. In an iridate one expects, a priori, the spin-
orbit coupling to be relevant to the low temperature magnetic
order26. This expectation is confirmed by the discrete nature
of the symmetry breaking into a state with moments in the
ab plane that are orientated almost along the bond directions.
In order to understand the origin of the magnetic structure of
Sr3ZnIrO6, isotropic exchange is therefore not sufficient so
we determine the most general bilinear couplings allowed by
the lattice symmetries and then establish the minimal set of
couplings that are necessary to select the observed magnetic
structure.
For nearest neighbors within the chains along the c axis,
there are three possible types of exchange: Ising, isotropic
easy plane and Dzyaloshinskii-Moriya27. The latter coupling
has D vectors along the c direction and alternating in sign
from one bond to the next. The second neighbor interactions
couple iridium ions in different chains. The chains are ar-
ranged in a triangular lattice but with three different stagger-
ings in the c direction such that the second neighbor coordi-
4nation is in the form of a puckered hexagon. One may show
that there are six distinct types of second neighbor exchange
coupling. Of these six, one couples the Ising components and
three couple the XY components, one of which preserves the
global U(1) symmetry. The remaining two couple XY to Z
components and are central to selecting the observed struc-
ture in Sr3ZnIrO6. Further details on the symmetry analysis
and explicit forms for the second exchange can be found in
the Supplementary Material.
Classical Phases − Having established the nature of the
exchange couplings in Sr3ZnIrO6 and related materials with
significant spin-orbit coupling, we may find the possible mag-
netically ordered phases. We obtain the ground states of the
exchange model by rotating the vector spins along their local
mean field on a periodic cluster. As guidance for this calcu-
lation - in particular, to choose the correct minimal cell for
the minimization - we obtain the ordering wavevector Qord
from the location q = Qord of the minimum eigenvalue of
the Fourier transformed interactions Jab(q) where a and b are
the 6 magnetic sublattices in the hexagonal representation of
the interactions.
Exchange to nearest neighbor only couples moments within
chains running along the c axis. Further neighbor couplings
are necessary for fully three dimensional ordered structures.
For example, the second neighbor XY antiferromagnetic cou-
pling leads to spontaneous symmetry breaking to a collinear
XY structure identical to the one observed in Ca3ZnMnO628.
A collinear structure with moments along the c axis is found
for second neighbour Ising exchange.
One obtains the structure close to that observed in
Sr3ZnIrO6 and Sr3ZnRhO6 by including couplings for ex-
changes Hz±,as (antisymmetric) and Hz±,s (symmetric) in
the ratio J (2)z±,s/J
(2)
z±,as =
√
3 with both couplings nega-
tive. Then one may switch on either antiferromagnetic near-
est neighbor Ising exchange J (1)zz or second neighbor ferro-
magnetic Ising exchange J (2)zz . The phase diagram obtained
with fixed J (2)z±,s/J
(2)
z±,as and variable J
(1)
zz and J
(2)
zz is shown
in Fig. S1 in the supplementary section. There are two distinct
ground states. The one for large |J (2)zz | is a simple collinear
ferromagnet with Qord = 0 and the other is proximate to
the Sr3ZnIrO6 and Sr3ZnRhO625 antiferromagnetic structure
with Qord = (0, 1/2, 1). The moments are canted away from
the c axis by an angle which is represented by the colored con-
tours in Fig. S1. The experimental value of about 39 degrees
is indicated by a black dashed line.
The Sr3ZnIrO6 and Sr3ZnRhO6 structures differ from the
(0, 1/2, 1) phase shown in Fig. S1 by a staggered rotation δφi
of the moments in the ab plane away from the 60n degree an-
gles where the magnitude of δφi is the same for all sites. The
relevant rotation angle is about 6 degrees for Sr3ZnIrO6. Just
such a rotation can be achieved by switching on an antiferro-
magnet XY coupling between nearest neighbor moments.
Magnetic Excitations − The color-coded INS intensity
maps of Sr3ZnIrO6 measured at 5 K and 25 K with Ei = 18
meV are shown in Fig. 3. At T = 5 K, with the momen-
tum transfer |Q| below 1.5 A˚−1, a strong inelastic scattering
peak which shows weak dispersion can be clearly observed
between 3 and 6 meV. The magnetic origin of the strong scat-
tering in the 3−6 meV band is established by the initial reduc-
tion in the energy-integrated inelastic intensity as a function
of |Q|. Further, at 25 K there is no sign of scattering between
3 − 6 meV. We attribute the observed magnetic excitations
between 3 and 6 meV for |Q| below 2 A˚−1 to spin wave scat-
tering from Ir4+ ions in the magnetically ordered state below
17 K , as expected. The spin wave excitations do not sur-
vive above TN = 17 K, which is consistent with the proposed
similarity between inter and intra chain interactions. In con-
trast, the spin wave excitations in Sr3NiIrO6 survive up to 250
K, which is well above TN = 70 K in that material, indi-
cating the existence of a one-dimensional magnetic exchange
interaction29.
On the basis of the exchange model presented above, we
compute the spin wave excitations to leading order in a
Holstein-Primakoff 1/S expansion. The spectrum has 12
modes albeit with some degeneracies. The spectrum is gapped
as we should expect on the basis of the observed discrete sym-
metry breaking. We are able to obtain the absolute scale of the
exchange parameters on the basis of a comparison between the
experimental data and the calculated scattering. The powder
averaged dynamical structure factor for a set of parameters
that give the correct magnetic structure as their semiclassical
ground state is shown in Fig. S3 in the supplementary section.
A form factor for Ir4+ has been applied using parameters from
Ref. 30. The model captures the principal features of the INS
data including the single strong band of intensity between 4
meV and 6 meV which is clearly visible in both plots and a
minimum between 0.5 and 1A˚−1. While our exchange param-
eters are consistent with the available data there is some free-
dom to choose these parameters while holding the magnetic
structure fixed. Single crystal inelastic neutron scattering may
be used to determine these parameters completely.
To summarize, we have studied the magnetism in
Sr3ZnIrO6 using a variety of techniques including heat capac-
ity, ac susceptibility, µSR, neutron diffraction and inelastic
neutron scattering. These reveal a clear magnetic transition at
17 K into a fully 3D long range ordered magnetic structure
with propagation vector (0, 1/2, 1) in which the moments in
the ordered phase exhibit a discrete coplanar orientation with
respect to the principal lattice directions. We have also pre-
sented a theoretical analysis with which we have understood
the origin of the observed magnetic structure. By determin-
ing the complete set of allowed couplings between first and
second neighbors we establish the importance of anisotropic
inter-chain exchange between the XY component of one mo-
ment and the Ising component of its neighbor. The model
presented here is applicable to both the simple structure ob-
served in Ca3ZnMnO6 and the complex non-collinear order-
ing reported here which is also present in Sr3ZnRhO625 and
Sr3MgIrO631.
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Supplementary Section
I. SYMMETRIES
The starting point for our analysis is the set of crystal symmetries. Here we refer to the hexagonal setting of the R3¯c space
group. The point group symmetry at the magnetic sites (Wyckoff sites 6b) is S6 which, apart from the trivial element, is composed
of 3-fold rotations about the c axis, inversion and S6 operations which are 6-fold rotations about the c axis followed by reflection
through the ab plane passing through the origin. There are two other symmetry operations. The first is a reflection about one of
the three planes containing a magnetic ion and two of its (hexagonally coordinated) second neighbours followed by a translation
in the c direction by (0, 0, 1/2). The second is a rotation about one the three axes in the ab plane passing through the magnetic
ion and the midpoints of two of its second neighbours followed by a translation along the c axis through (0, 0, 1/2).
There are two magnetically inequivalent sites. We label sites i, a using the convenient body centered rhombohedral setting
where a = 1, 2 is the sublattice and i is the rhombohedral cell. The nearest neighbor couplings connect the two different
sublattices. With this exchange alone, the magnetic structure splits up into decoupled chains. Each site has six second nearest
neighbors which also connect different sublattices.
II. EXCHANGE COUPLINGS BETWEEN B IONS
We first consider the number of exchange parameters allowed between nearest neighbours. The 2 nearest neighbours of each
magnetic ion are in the c direction and their coupling alone results in a lattice of decoupled chains. In this case we can write
6down the allowed couplings with little analysis. There are three such couplings: one is the Ising coupling
∑
i,a,b S
z
i,aS
z
i,b where
i runs along the chains, the second is the isotropic XY coupling (1/2)
∑
i,a,b S
+
i,aS
−
i,b+S
−
i,aS
+
i,b. The third is the Dzyaloshinskii-
Moriya interaction
∑
i,a,bDa→b · (Si,a × Si,b) with Da→b vector along the c axis and alternating in sign between adjacent
bonds.
Now we focus on the couplings between second neighbors. First we can compute the number of second neighbour exchange
parameters allowed by the local point group symmetry. Then we impose the remaining constraints coming from the symmetries
that involve translations.
The second neighbors form a puckered hexagon around the central magnetic ion (see Fig. 5). Before imposing symmetry
constraints, each bond contributes 9 couplings of the form Sαi S
β
j for fixed sites i and j and there are six bonds. All these
couplings transform under some representation ΓM. We find that ΓM = 9Ag ⊕ . . . and these 9 couplings are further reduced
when we consider symmetries that involve translations.
FIG. 4: (Color online) Phase diagram with two types of Ising exchange and J(2)z±,s, J
(2)
z±,as fixed. The diagram shows two phases. At the
bottom of the diagram, the blue region is the collinear ferromagnetic phase. The second phase is the magnetic structure of Sr3ZnIrO6 up to
a small rotation of the moments in the XY plane. The gradient of colors in the latter phase represents the canting angle of the moments with
respect to the c axis.
The glide and rotation-translation symmetries reduce the number of linearly independent exchange couplings from 9 to 6.
They may be divided into three couplings that have U(1) symmetry which are
Hzz =J
(2)
zz
∑
〈〈i,aj,b〉〉
Szi,aS
z
j,b
Hxy =
J
(2)
xy
2
∑
〈〈i,aj,b〉〉
(
S+i,aS
−
j,b + S
−
i,aS
+
j,b
)
HDM =J
(2)
DM
∑
〈〈i,aj,b〉〉
Da→b · (Si,a × Sj,b) ,
where Da→b = ±zˆc along the one-dimensional chains with + for a = 1 and b = 2 and minus otherwise. Then there are three
exchange operators that are invariant only under discrete symmetries. These are most conveniently represented by considering
7six particular sites shown in Fig. 5 where j1 is separated from i in the yˆ direction:
H++ =
J
(2)
++
2
∑
i
(
S+i,1S
+
j1,2
+ e−2pii/3S+i,1S
+
j2,2
+ e2pii/3S+i,1S
+
j3,2
+ S+i,1S
+
j4,2
+ e−2pii/3S+i,1S
+
j5,2
+ e2pii/3S+i,6S
+
j6,2
)
+ h.c.
Hz±,as =
J
(2)
z±,as
2
∑
i
(
S+i,1S
z
j1,2 − Szi,1S+j1,2 + . . .
)
+ h.c.
Hz±,s =
J
(2)
z±,s
2
∑
i
i
(
S+i,1S
z
j1,2 + S
z
i,1S
+
j2,2
+ . . .
)
+ h.c.
While H++ is given in full, the ellipses in the expressions for Hz±,as and Hz±,s indicate those exchange couplings obtained by
performing symmetry operations on the one bond joining i, 1 and j1, 2.
FIG. 5: (Color online) Figure showing the hexagonally coordinated second neighbors about each Ir ion.
The correct magnetic structure for Sr3ZnIrO6 is obtained as follows. We set J
(2)
z±,s =
√
3J
(2)
z±,as which selects the required
structure up to a small rotation of moments in the XY plane and up to a canting angle from the c axis. This constraint is
apparently fine-tuned and we conjecture it is fixed by the microscopic superexchange mechanism. The magnetic structure is
stable to the presence of Ising couplings to first and second neighbor as shown in the phase diagram Fig. 4. The structure is also
robust to a nonzero J (2)++ coupling and we make use of this fact to fit the spin wave intensity. In order capture the exact structure
we also switch on a small second neighbor J (2)xy coupling. The couplings are given explicitly in the caption to Fig. 6
8FIG. 6: (Color online) Angular averaged spin wave intensity computed to linear order in 1/S The exchange parameters are only weakly
constrained by the observed magnetic structure. For the spin wave calculation we chose the following couplings (in meV) J(1)zz = 0.3,
J
(1)
xy = 0.135 to first neighbor and J
(2)
zz = −0.525, J(2)± = 0.263, J(2)z±,as = −0.18 and J(2)z±,s = −0.311 to second neighbor.
FIG. 7: (Color online) muSR asymmetry measured at four different temperatures. Oscillations are clearly visible at 14 K and below. Analysis
of this data leads to the three distinct frequencies plotted in Fig. 1 (b) of the main paper.
